Felt earthquakes in Washington and northern Oregon during 1986, plus earthquakes with coda-length magnitudes greater than or equal to 2.7 which were not felt 201
INTRODUCTION
This publication describes all earthquakes that were reported felt in the United States and nearby territories in 1986. Its purpose is to provide a continuous history of U.S. earthquakes to be used in estimating areal seismic risk, for designing earthquake-resistant structures, and for answering inquiries from scientists, engineers, and the public.
The U.S. Geological Survey's National Earthquake Information Center (USGSMEIC) collects intensity information primarily by mailing questionnaires, "Earthquake Report" forms, to postmasters and other public institutions (police departments and (or) fire departments) in the earthquake area Completed questionnaires are returned to the USGS, where they are evaluated and intensities are assigned. For damaging earthquakes, the questionnaires are supplemented by USGS field investigations. The USGSI NEIC publishes preliminary maximum intensity data for U. S. earthquakes in the Preliminary Determination of Epicenters, Monthly Listing (PDE) (for example, Irby and others, 1982) . The latest and most complete information is published with maps, diagrams, and photographs in United States Earthquakes (now published as a USGS Bulletin) issued annually since 1928. Copies of issues prior to 1982 can be obtained from Open-File Services, Earth Science Information Center, U.S. Geological Survey, Box 25286, Mail Stop 517 Federal Center, Denver, CO 80225. This current bulletin is composed of four major sections: (1) "Earthquake Descriptions," which includes a summary of macroseismic data reported for each earthquake and achronologicallist ofearthquakes by State (table 1); (2) "Network Operations," which summarizes the results from local seismic networks; (3) "Miscellaneous Activities," which contains information on the principal earthquakes of the world (table 6); and (4) "Strong-Motion Seismograph Data" (table 7) . The intensities and macroseismic data in "Earthquake Descriptions" are compiled from questionnaires returned to USGSINEIC (see previous paragraph), newspaper articles, and reports prepared by other Federal government organizations, State institutions, local organizations, and individuals. Each description includesdate, hypocenter, source of the hypocenter computation, magnitude, maximum intensity (Modified Mercalli), and (or) macroseismic effects reported from localities where the earthquake was felt.
Discussion of Tables
The earthquake parameters in tables 1 and 6 include date, origin time, hypocenter (epicenter and focal depth), and magnitude. These data have been updated and new data added from subsequent publications of universities or State agencies who operate seismic networks. The accuracy of the epicenters is that claimed by the institution supplying the hypocenter data and is not necessarily the accuracy indicated by the number of decimals listed. The epicenters located by the USGSINEIC vary in degree of accuracy, but for most of the area of the United States the epicenters should be accurate to within two-tenths of a degree. See Preliminary Determination of Epicenters, Monthly Listing, for an explanation of the accuracy of USGS hypocenters. Depths are listed to the nearest kilometer.
Magnitudes listed in the tables 1 and 6 are either furnished by cooperating institutions or determined by the USGS. The computational sources are indicated by letter codes identified in headnotes to the tables. The USGSMEIC coordinates the collection of all types of earthquake information; the special objective is to correlate instrumentally determined earthquake locations with noninstrumental locations indicated by intensity data. This correlation is achieved through regional investigations of earthquakes by local organizations and the USGS. Primary data are gathered by a mail canvass of the epicentral area using questionnaire cards. A field survey is usually made for damaging earthquakes. When returned and analyzed, this information is used to prepare isoseismal maps that show the areal pattern of intensity associated with individual earthquakes.
Epicenter and lsoseismal Maps
The selection of earthquakes for isoseismal maps (shown in the "Earthquake Descriptions") is governed largely by the size of the area afTected. As a result, sharp, localized shocks of intensity VI, which are common in California, may not be represented by maps; more widely felt earthquakes of intensity V and VI, which are characteristic of the Eastern and Central S rates, commonly ate illustrated because of the larger felt areas. Isoseismal contours are a generalization of intensity data and are extrapolated in regions that have reported few ob~e~ations. The isoseismals do not account for each intensity observation because they are drawn to show the general pattern at a level of intensity or range of intensities.
Magnitude and Intensity
Magnitude, a measure of the size of an earthquake, is related to the energy release at the focus of an earthquake. Although the magnitude scale has neither maximum nor minimum values, the highest magnitude ever calculated was greater than 9.0 and the lowest magnitude ever calculated was about -3.0. On this logarithmic scale, a magnitude-6.0 shallow-focus earthquake represents elastic-wave energy about 30 times greater than that generated by a magnitude 5.0 earthquake, 900 times greater than that of a magnitude 4.0 shock, and so forth. Many factors enter into the determination of earthquake magnitude, including earthquake focal depth, frequency content of the sampled energy, and the earthquake radiation pattern. Magnitude values calculated by the USGS are based on the following five formulas:
as adopted by the International Association of Seismology and Physics of the Earth's Interior (IASPEI; Bath, 1966, p. 153) , whereA is the maximum vertical surface-wave ground amplitude, in micrometers; T is the period, in seconds, and 181T122, and D is the distance in geocentric degrees (station to epicenter), and 2W-DS16O0. No depth correction is made for depth less than 50 km, and no Ms magnitudes are computed for depths greater than 50 km.
Body-wave magnitude melog (AIT)+Q(D,h),
as defined by Gutenberg and Richter (1956) , except that T, the period in seconds, is restricted to O.llT 23.0, and A, the ground amplitude in micrometers, is not necessarily the maximum of the P-wave group. Q is a function of distance D and depth h, where D>5O.
Local magnitude M~=log A-log A, as defined by Richter (1958, p. 340) , where A is the maximum trace amplitude in millimeters, written by a WoodAnderson torsion seismometer, and log A, is a standard value that is a function of distance, where distance 1600km. Values of ML are also calculated from other seismometers by conversion of recorded ground motion to the expected response of the torsion seismometer. ML magnitudes are not listed for events with depths greater than 70 km. Hanks and Kanamori (1979) , where M, is the seismic moment in dyne-centimeters.
Other types of magnitudes computed by other organizations or universities are also listed in this publication and are &fined in the following two pamgraphs.
MD designates duration or coda-length magnitude. MD is usually computed from the difference, in seconds, between P,-or Pg-wave arrival time and the time the 6nal coda amplitude decreases to the background-noise amplitude. Duration-magnitude scales are normally adjusted to agree with ML or M, estimates so that resulting magnitudes are compatible. Thus, the MD formulas vary for different geographic regions and seismograph systems.
Some seismograph-network operators determine a magnitude formula for their specific network based on a comparison of their computed magnitudes with magnitudes published from other sources, such as from the USGS. These values are usually compared with rnh ML, or M, magnitudes. In this bulletin these types of maguitudes ate designated as m, for body-wave magnitudes (mb) and Mx for local magnitudes (ML or MJ, The seismic moment is tabulated for some earthquakes in the "Earthquake Descriptions" section. Moments contributed by the University of California, Berkeley, are computed according to the procedure described by Bolt and Hem& (1983) . Moments contributed by the U.S.
Geological Survey, Golden, Colorado, are computed according to the procedure described by Sipkin (1982) . Moments contributed by Harvard University are computed according to the procedure &scribed by Dziewonski and others (198 1) .
Intensity, as applied to earthquakes, represents a quantity determined from the effects on people, manma& structures, and the Earth's surface (landslides, ground fssures, and such). Intensities are assigned according to the descriptions listed in the Modified Mercalli Intensity Scale of 1931 (Wood and Neumann, 1931) . There are 12 discrete steps in the MM scale (see next section). An earthquake in a populated area will have different intensities at different localities, owing to the distance from the focus of the earthquake, type of focal mechanism, local geological conditions, structural design of buildings, and the earthquake magnitude.
The text of this bulletin gives the intensity at locations where an earthquake was reported felt and summaries of the strongest effects. Each earthquake is further characterized by its maximum intensity, which is given in the text and in table 1. The word "FELT" in the maximum intensity columns of table 1 indicates that only minimal or sketchy information was available. This designation does not imply that the earthquake was felt at a low-intensity level but indicates that the available data are not sufficient for assigning an intensity value.
Although the 1931 Modified Mercalli Intensity
Scale is in many instances inadequate for present-day requirements, the scale has been the guide used by the USGS and will continue to be so until a new scale has been devised and bas been accepted in the engineering and seismological communities.
Modified Mercalli Intensity Scale of 1931
Adapted from Sieberg's Merdli-Cancani scale, modified and condensed. Roman numerals in the earthquake descriptions refer to the Modified Mercalli Intensity Scale of 1931. Where more than one degree of earthquake intensity is reported from a town, the town is assigned the highest intensity reported. All earthquake questionnaires or press reports that do not contain enough detail from which to assign an intensity are Listed as "Felt."
EARTHQUAKE DESCRlPTlONS
The following codes indicate sources for hypocenters, magnitudes, intensities, and (or) felt data:
(AK) Geophysical Institute, University of Alaska, College.
(BK) University of California, Berkeley.
(BU) Montana Bureau of M i and Geology, Butte.
(DE) Delaware Geological Survey, Newark. (EE) Engdahl, E. R., Billington, S., and Kisslinger, C., 1989, Journal of Geophysical Research, v. 94, no. B 11, p. 15,481-15,498 Society of America Bulletin, v. 78, no. 6, p. 1885 Bulletin, v. 78, no. 6, p. -1906 (HR) Harvard University, Cambridge, Mass. 0 Nicholson and others, 1988 (Glick and others, 1986) .
Some houses experienced differential foundation settlements of several cm, causing considerable damage to the structures (Glick and others, 1986) .
Sand boils were noted in one localized area where an antenna array was located One antenna foundation settled about 3 ft, and others were out of plumb. Soil liquefaction was noted in localized areas of back-ffied soil. Lateral spreading cracks of about 8 to 20 cm and differential ground settlement occurred along a small wharf. Some slumping was observed on a side slope of the approach to a bridge. Rock falls occurred at two quarry sites, and snow avalanches were observed in steep mountain regions (Glick and others, 1986) .
Horizontal peak ground accelerations between 0.20 g and 0.25 g were recorded on the foundation slab near the AIMO hanger, and horizontal accelerations greater than 0.60 g were recorded at the bottom chord of a steel roof truss in the same area (Glick and others, 1986 ).
This earthquake also caused a tsunami that was recorded throughout the Pacific Ocean. In Alaska, Adak Island stations recorded wave heights of 175 cm, Unalaska 20 cm, and Sand Point 10 cm. In Hawaii the heights ranged from 91 to 122 cm at Kapaa, Kauai, to 8 cm at Kailua-Kona, Hawaii. Wave heights were also measured in Japan, along the west coast of South America, and on many islands of the southern Pacific Ocean.
Intensity W:
Adak Island-The AIMO hanger (two-story shop area) had many vertical and diagonal cracks in the masonry walls and in the stairwell area. The Navy Exchange (a precast-concrete structure) had permanent vertical offset, loose bolts, and bent connectors between adjacent precast roof panels. One concrete pier spalled and cracked near an expansion joint. Wood-frame housing units sustained minor interior wall cracking and differential settlement of as much as 13 cm. File cabinets were overturned; windows were cracked; power was disrupted; and many items were displaced and overturned (Glick and others, 1986 ).
Intensity VI: Atka Island-Some parts of the airstrip "dropped" 30 cm, and there were cracks in the strip. Landslides and slumping of road fill occurred. Standing and moving vehicles rocked moderately; plaster walls sustained hairline cracks; much merchandise was thrown off store shelves; small appliances overturned, a few windows cracked, many glassware items or dishes broke; many small objects overturned and fell; hanging pictures fell; buildings shook strongly; people had difficulty standing or walking; felt by and frightened everyone. 
